We study moduli stabilization and a realization of de Sitter vacua in generalized Fterm uplifting scenarios of the KKLT-type anti-de Sitter vacuum, where the uplifting sector X directly couples to the light Kähler modulus T in the superpotential through, e.g., stringy instanton effects. F-term uplifting can be achieved by a spontaneous supersymmetry breaking sector, e.g., the Polonyi model, the O'Raifeartaigh model and the Intriligator-Seiberg-Shih model. Several models with the X-T mixing are examined and qualitative features in most models even with such mixing are almost the same as those in the KKLT scenario. One of the quantitative changes, which are relevant to the phenomenology, is a larger hierarchy between the modulus mass m T and the gravitino mass m 3/2 , i.e., m T /m 3/2 = O(a 2 ), where a ∼ 4π 2 . In spite of such a large mass, the modulus F-term is suppressed not like F T = O(m 3/2 /a 2 ), but like F T = O(m 3/2 /a) for ln(M P l /m 3/2 ) ∼ a, because of an enhancement factor coming from the X-T mixing. Then we typically find a mirage-mediation pattern of gaugino masses of O(m 3/2 /a), while the scalar masses would be generically of O(m 3/2 ).
Introduction
It is quite important to realize the real world based on string theory [1] , though we have lots of difficulties to be overcome. We do not have a definite answer in string theory why the dimension of our spacetime is four or a definite scenario to derive the standard model (SM), the SU(3) × SU(2) × U(1) gauge symmetry, three families of quarks and leptons, experimental values of gauge couplings and fermion masses and mixing angles, etc. Many attempts have been tried to solve these problems in several aspects step by step.
One of the most severe difficulties to be solved, is the moduli stabilization problem. This problem always occurs when one assumes that the observed spacetime dimension is realized in string theory. Non-perturbative effects, such as gaugino condensations [2] were used to be considered for the moduli stabilization [3] . Recently a new mechanism of moduli stabilization has been brought to the attention. That is a compactification with closed string flux [4] with orientifold planes and D-branes, which can be a source of the fluxes and cause non-perturbative effects.
Advantages of such flux compactification are that the internal compact space can be warped by flux generating large hierarchies, and also that we can fix a lot of moduli, e.g. a number of O(100), simultaneously. For example, in type IIB orientifold model on Calabi-Yau, the dilaton, complex structure and D7-brane moduli are stabilized by an imaginary self dual flux. If our world can be described by string theory with D-branes, it is natural to consider both fluxes and non-perturbative effects as sources of moduli fixing.
Furthermore, moduli fields can play important roles in the low energy phenomenology. Moduli fields determine compactification scales of the internal space. Then, the moduli generically couple to four-dimensional kinetic terms of gauge fields, and their vacuum expectation values (vevs) determine gauge couplings and similarly other couplings like Yukawa couplings. Moreover, F-components of moduli superfields, which are also given by nonvanishing vevs of moduli themselves, can be a source of supersymmetry (SUSY) breaking and induce soft SUSY breaking terms in the visible sector. SUSY can be broken nonperturbatively through the moduli fixing procedure. Therefore, if we find any signatures of SUSY breaking at near future experiments, it is very interesting not only from the phenomenological viewpoint but also from the viewpoint of string theory.
Recently the authors of [5] proposed a semi realistic scenario based on the flux compactification with D-branes and an anti D-brane, that is called KKLT scenario. In this scenario, all moduli are fixed by flux and non-perturbative effects on D-branes and the de Sitter/Minkowski vacuum is realized. SUSY can be broken moderately by a red shifted anti D-brane which is sitting at the tip of warped throat and is well separated from the light modulus as well as the visible sector. Because of this sequestering structure, the scalar potential of the modulus, which has a SUSY minimum with a negative vacuum energy before adding the uplifting effect, can be easily uplifted allowing a tuning of the cosmological constant. The minimum becomes a SUSY breaking metastable vacuum for closed string sector.
In this scenario, F-components of Kähler moduli are suppressed compared with the gravitino mass [6] . This results in the fact that moduli mediation and anomaly mediation [7] are comparable [8] , that is, the so-called mirage mediation. Thus, the gravitino mass is of O(100) TeV to realize the low-energy SUSY breaking in this scenario. This kind of the mediation mechanism causes a distinctive pattern of sparticle spectra at the TeV scale [8, 9] and naturally solves the SUSY CP problem [6, 8] , though it may have a gravitino overproduction problem [10] . It is also known that, with the mirage mediation, the so-called little hierarchy problem can be avoided within the minimal SUSY SM (MSSM) [11] , where the mirage unification of the wino and the gluino masses at the TeV scale is important [12] .
The source of the uplifting is the anti-brane in the original KKLT scenario. However, it can be replaced by a dynamical SUSY breaking. Recently, metastable vacua with dynamical SUSY breaking have been studied in field-theoretical model building [13, 14] . Also, including realization of these field-theoretical models, metastable models of a dynamical SUSY breaking have been studied not only in the closed string sector but also in the open string sector [15] . By introducing such SUSY breaking sector into the KKLT model, we can construct F-term uplifting scenarios [16, 17, 18, 19, 20] , where the Polonyi model [21] , the O'Raifeartaigh model [22] and the Intriligator-Seiberg-Shih (ISS) model [13] have been considered as the F-term uplifting sector.
1 F-term uplifting models are more interesting than other uplifting schemes, because the size of SUSY breaking is controllable and a small gravitino mass, which is comparable to the electroweak scale, can be realized. In the D-term uplifting [23] 2 and the Kähler uplifting [25] schemes, to control the size of SUSY breaking is not simple, and they would naturally lead to a large SUSY breaking scale, which is comparable to the Planck scale.
In the F-term uplifting scenario, we find slight differences from the original KKLT predictions with the anti-brane, although the qualitative features are not changed. For example, the ratio of the anomaly mediation to the modulus mediation takes a different value depending on the model and as a consequence the prediction of sparticle mass spectra at a low energy scale is different from the original KKLT scenario.
In this paper, we generalize the F-term uplifting scenarios such that the uplifting sector X directly couples to the light Kähler modulus T in the nonperturbative superpotential induced by, e.g., stringy instanton effects. We will show that in most cases the qualitative features of the KKLT scenario can still be almost the same even with the modulus mixing to the uplifting sector. One of the quantitative changes, which would be phenomenologically relevant, is a larger hierarchy between the modulus mass and the gravitino mass than one in the original KKLT model. We will typically find mirage-mediation type gaugino masses, while the scalar masses are of the order of the gravitino mass in general.
We arrange the sections of this paper as follows. In Sec. 2, we study the Polonyi-KKLT model and the ISS-KKLT model as concrete examples of the F-term uplifting. We introduce a mixing between the light modulus T and the uplifting sector X in the superpotential, and find the minimum of the scalar potential based on the perturbation from a reference point where both the Polonyi/ISS-type structure and the KKLT-type structure would be realized for X and T , respectively. Here we assume that constants of the Polonyi/ISS models are (dynamically) generated by flux or stringy instantons [26] 2 See also [24] .
3 For Affleck-Dine-Seiberg-KKLT model [27] , see [28] . 
Moduli involved F-term uplifting
For concreteness, we consider type IIB supergravity with the dilaton S, complex moduli U and a single Kähler modulus T . Our analysis can be extended to the case with several Kähler moduli. Here and hereafter we use the mass unit with M P l = 1, where M P l is the four-dimensional Planck mass. As in the original KKLT model [5] , we assume that the dilaton S and complex structure moduli U are stabilized by the flux induced superpotential
because of large supersymmetric masses ∂ S ∂ U W flux ∼ 1 [29] . Then, the dilaton and the complex structure moduli are much heavier than the Kähler modulus T , and these do not affect the low energy dynamics of T and the visible sector. In the KKLT model, the Kähler modulus T is stabilized by a nonperturbative effect on a D7-brane, that is, the following superpotential is considered,
with the Kähler potential −3 ln(T +T ), where the constant w 0 in the superpotential originates from the flux induced superpotential W flux or a gaugino condensation which depend on heavy moduli such as S [30] , and the second term is due to the nonperturbative effect. The potential minimum corresponds to a SUSY AdS vacuum. In order to uplift the AdS minimum to a Minkowski one, anti D3-branes are introduced at the tip of the warped throat, which is well sequestered from the Kähler modulus T as well as the visible sector, and the effect of anti D3-branes just appears as an (T -dependent) uplifting potential, which is an explicit SUSY breaking term in terms of the N = 1 supergravity, added to the standard F-term scalar potential of T .
Instead of adding such anti D-branes, we can uplift the SUSY AdS minimum by adding a superpotential term W lift (T, X), which leads to a nonvanishing F-term of the hidden sector field X. That is the F-term uplifting. In the original F-term uplifting scenarios [16, 17, 18, 19, 20] , the uplifting sector is basically assumed to be well separated from the light modulus as anti D3-branes in the KKLT scenario, i.e. ∂W lift (T, X)/∂T = 0. As the spontaneous SUSY breaking sector X, the Polonyi model, O'Raifeartaigh model and ISS model have been considered. Here, we study generalized F-term uplifting scenarios where the hidden sector field X, which is responsible for the nonvanishing F-term, is directly couples to the light Kähler modulus due to, e.g., stringy instanton effects [26] . Such instanton effects for instance induce a mass term or a tadpole term of the hidden sector field X which depends on the light Kähler modulus. Similar situation has been studied based on heterotic and M-theoretical models with multiple light moduli [28, 31] 4 .
We will show that the F-term uplifting is still valid in most cases without changing the qualitative features of both the light modulus (KKLT) sector and the uplifting (dynamical SUSY breaking) sector.
Polonyi-KKLT model
One of the simplest models for the F-term uplifting is the Polonyi-KKLT model [18, 20, 33] . The Kähler potential K and the superpotential W are given by
where Ω(T,T ) is the Kähler potential of overall volume (Kähler) modulus, which is typically given by −3 ln(T +T ), and Z(T,T ) = K XX is the Kähler metric of X. In the superpotential, we assume a typical magnitude of parameters
When A = 0 and b = 0, the above superpotential corresponds to the Polonyi model, i.e. W Polonyi = w 0 + BX, and leads to spontaneous SUSY breaking with nonvanishing F X . The third term in the right hand side is the mixing between X and T , and such a mixing can be induced by sting instanton effects. The Polonyi-KKLT model without X-T mixing, i.e. b = 0, has been studied in [18, 20, 33] .
From these Kähler potential and superpotential, we can derive the F -term scalar potential V using the standard N = 1 supergravity formula:
We try to find a minimum of the potential by a perturbation from the reference point. We choose the reference point (X, T ) = (X 0 , T 0 ) which satisfies the following conditions 5 ,
At this reference point, the KKLT-like modulus property and the Polonyi-like SUSY breaking property would be realized. We tune our parameters to obtain almost vanishing vacuum energy V = 0. In this Polonyi-KKLT model, the reference point (4) is characterized by
where n, m = 0, 1, 2, . . .. 5 Here, because the number of complex parameters in superpotential is less than four, we can always make the vevs of fields real by field redefinitions (shifts or rotations).
The true minimum of the potential is denoted by
where Φ I = (X, T ). Assuming δΦ I /Φ I | 0 ≪ 1, we expand V I as
whereV IJ = V IJ + V IJ and δΦĪ = δΦ I . The stationary condition V I = 0 results in
First we consider the case that the Kähler mixing is small,
at the reference point. By estimating the orders of
where m 3/2 = e G/2 | 0 and
Then, for a ∼ b = 0, we find that the Hessian can be positive, and obtain
This result should be compared with δT /T 0 ≃ a −2 and δX/X 0 ≃ a −1 derived in the case that Be −bT is replaced by a T -independent constant in the superpotential. (When one sets b = 1 in the above expressions, the results of such case are obtained.) This difference originates from the fact that the superpotential of modulus is not effectively a KKLT type but rather a racetrack type because of X = O (1) . From this result, we find that the true minimum resides in a perturbative region from the reference point (4) . Then, we expect that the SUSY breaking structure of the Polonyi-KKLT model is not affected qualitatively by the mixing between the Polonyi sector X and the KKLT sector T , although quantitatively the modulus mass becomes the racetrack-type (6) 
. Then without a tuning between a and b, we may find
where we wrote both 1/a and 1 (1), the above expansion in some cases may not converge, and the perturbation may be invalid as in the ISS-KKLT model shown later. For the case in which it converges (a − b = O(4π 2 ) etc.), we leave a concrete study as a future work.
ISS-KKLT model
Another interesting source of uplifting is the ISS model [13] and in this subsection we consider the ISS-KKLT model [17, 18] . After heavy modes are integrated out around the SUSY breaking minimum, the ISS model leads to the same superpotential as the Polonyi model, where the field X corresponds to the meson field and the tadpole term of X corresponds to a mass term of quarks q andq in the dual side, i.e. X ∼ qq. A T -dependent mass term of q andq can be generated by string instanton effect like qqe −bT . That can be an origin of the third term of the right hand side in Eq. (2) . At any rate, we use the same superpotential as Eq. (2). However, the Kähler potential of X receives a one-loop correction from the heavy modes. The relevant part can be written as [19, 34] 
where K is the tree level Kähler potential given by Eq. (1). We assume the same superpotential (2) as before 6 . The O'Raifeartaigh model leads to the same Kähler potential and superpotential after heavy modes are integrated out.
The scalar potential is then written as
If we really adopt the ISS model itself, Λ would be dependent of T like Λ 2 ∼ 16π 2 Be −bRe(T ) because the mass of heavy modes is also given by Be −bT . However we consider Λ as a constant which comes from the vevs of heavy moduli, that is, the "ISS model" represents some proper O'Raifeartaigh model in this paper. Note that, even if Λ is dependent of T , the following results would not be changed as far as the ISS-like vacuum is stable.
where G = K + ln |W | 2 , G is given by Eq. (1) and
We execute a similar analysis to the Polonyi-KKLT model based on the reference point (4) with the order estimation (5) 
The important difference between the Polonyi uplifting scenario and the ISS uplifting scenario is the size of X 0 , that is, we have X 0 = O(1) in the Polonyi uplifting scenario, while X 0 is much smaller in the ISS uplifting scenario. Because of the smallness of X 0 , the following results are not affected by the Kähler mixing ∂ T Z = 0. In this case, we can estimate the order of V I | 0 , V IJ | 0 and V IJ | 0 , and find
smaller than the Planck scale, the effective superpotential for the modulus is not the racetrack type but the KKLT type. Then, for a ∼ b = 0, we obtain
This results should be compared with the results δT /T 0 ≃ a −2 and δX/X 0 ≃ a −1 for the case that Be −bT is replaced by a T -independent constant. (When one sets b = 1, one can obtain the result for such case.) We conclude that, with the superpotential mixing between the ISS sector and the KKLT sector, the reference point (4) is far from the true minimum. Then, the SUSY breaking structure would be quite different from the ISS-KKLT model without the X-T mixing.
ISS-racetrack model
We can evade the problem in the previous subsection by adding another nonperturbative effect, Ce −cT (c = a), to the ISS-KKLT superpotential 7 ,
We call this ISS-racetrack model. In this case, we find V T | 0 ∼ be G | 0 and
Note that the modulus mass is estimated as
without a fine-tuning among a, b and c. Therefore, we typically find
and the reference point is stable so far as b 2 < ac. Here, we consider the case that b c a. The Kähler potential mixing can be safely introduced into the ISS-racetrack model without affecting the structure of the minimum due to the smallness of X 0 . Finally, in this ISS-racetrack model, the vacuum would be metastable. However its life time would be sufficiently long [13, 17, 35] , because Be −b T ≪ 1.
SUSY breaking order parameters
In the previous section, we have studied generalized F-term uplifting scenarios where the hidden sector field X, which is responsible for the nonvanishing F-term, is directly couples to the light Kähler modulus T , e.g., because of stringy instanton effects [26] 9 . As we can see from Eqs. (6) and (8), the X-T mixing generically produce a larger hierarchy m T /m 3/2 ∼ a 2 between the gravitino mass and the modulus mass than one in the original KKLT model m T /m 3/2 ∼ a, because the modulus superpotential is effectively given by the racetrack-type [6] . Otherwise, the reference point is unstable and the KKLT-type structure that the modulus is somehow heavier than the gravitino, might be spoiled as shown in the ISS-KKLT model.
In this section, we analyze the SUSY breaking order parameters in detail. We will find that, despite the large modulus mass m T ∼ a 2 m 3/2 , we can still obtain the same size of the modulus F-component F T ∼ m 3/2 /a as one in the original KKLT scenario, because of the enhancement by the X-T mixing in the superpotential. In the following, we first derive general expressions for the order parameters F T and F X in terms of modulus and gravitino masses, and then apply them to several typical models.
General result
For the evaluation of F T , we expand the relevant part of the scalar potential around the reference point defined by (4) with W | 0 = 0. 
at the reference point. An important point is that the expansions of D T W are all subleading, so the order parameter F T can be mainly of O(δT , δX). As a result, terms which are of O(δT, |δT | 2 , δT δX) in the scalar potential are important for our analysis. 
Using the expressions m
where we have omitted the symbols | 0 and we have used
With a equation of motion for δT , we obtain
where the effect of the X-T mixing is encoded in ∂ T ln W X = b as well as m T . Here we have used √ K XX D X W = √ 3W and
at the reference point. Form Eq. (9), we easily find that F T ∼ m 3/2 /a for the typical modulus mass m T /m 3/2 ∼ ab shown in Eqs. (6) and (8) . This should be compared with the original KKLT model and the F-term uplifting scenarios without the mixing ∂ T ln W X = 0, which result in F T ∼ m 3/2 /a with m T /m 3/2 ∼ a. The ratio F T /m 3/2 can be of the same order as the one in the original KKLT model F T /m 3/2 ∼ 1/a, although our models have a larger hierarchy between the modulus and the gravitino masses. This is due to the enhancement factor ∂ T ln W X = b in Eq. (9) . On the other hand, around the reference point, we simply find
Here, we comment on the shift of field vevs from the reference point. From the above expressions, we can roughly estimate as , where we have assumed T 0 = O(1). Furthermore, δX in later examples can be typically given by δX ∼ −δT (V XT /V XX ) ∼ −δT
These expressions agree with results in the previous sections and are useful for checking the stability of the reference point in each model. In the following subsections, we show several concrete examples. In some cases, we will assume that the gauge kinetic function of the hidden sector f hid , which is responsible for the nonperturbative superpotential terms, is given by the mixture of the heavy and the light moduli [30] , e.g., f hid = wT + m S , for generality. All the parameters in the models are taken to be positive and real 10 , and we will take b < a in the Polonyi-KKLT model and b ≤ c < a in the ISS-racetrack model for concreteness.
Polonyi-KKLT model
First examples are some simplified versions of the Polonyi-KKLT model (2) . As we emphasized, the perturbation around the Polonyi vacuum X 0 ∼ O(1) generates effectively a racetrack-type superpotential for the light modulus T . Then, we can simply drop the constant piece w 0 in the superpotential (2) just for stabilizing T unlike the case without the X-T mixing. Instead, we introduce a moduli mixing in the hidden sector gauge kinetic function [30] .
Model 1
We start from the Kähler potential and the superpotential given by
where the dilaton S is assumed to be stabilized at a much higher scale by, e.g., the flux induced superpotential. In this case, we find
Therefore the condition for the Polonyi vacuum, W X | 0 = W | 0 , i.e. V | 0 = 0 at X 0 = √ 3−1, requires b/a ≃ 1/X 0 − 1 ≃ 0.37, and the positive sign +aT in the first exponent is necessary in the superpotential in order for the Polonyi-like vacuum to be compatible with the racetrack vacuum 11 . To evaluate the ratio of the anomaly mediation to the modulus mediation, we define α as [8] 
where C 0 = e K/6 is the lowest component of the conformal compensator superfield C, and
Note that F C /C 0 , in general, has contributions due to the gravitino mass and F-components F I of the SUSY breaking sector, although we have F C /C 0 = m 3/2 in the original KKLT scenario. We obtain in this example
where ln(M p /m 3/2 ) ≃ ln(1/W | 0 ) ≃ bT 0 has been adopted 12 .
Model 2
We can also consider the case with a moduli mixing in the term which is responsible for the X-T mixing through, e.g., stringy instanton effects. Then we analyze the following model:
Note that the positive sign +bT in the second exponent is necessary in order for the Polonyi-like vacuum to be compatible with the racetrack vacuum as in the previous model. In this case, we obtain
11 In the ISS-KKLT model with W = Ae ∓aT + Be ±bT X, we cannot satisfy this kind of condition
come from the gravitino mass and K X F X /3 = −(1−1/ √ 3)m 3/2 in the Polonyi-KKLT model. The latter was not taken into account in [18] , and the value of α was evaluated for F C /C 0 = m 3/2 , but that should be replaced by
The condition for realizing the Polonyi vacuum is the same as the previous example, b/a ≃ 1/X 0 − 1. The anomaly/modulus mediation ratio (10) is found in this model as
where we applied ln(M p /m 3/2 ) = c S − bT 0 ≃ aT 0 .
Model 3
Finally, we show the results in the Polonyi-KKLT model (2) with the minimal Kähler potential:
where we find
Here we adopted w 0 ≃ Ae −aT 0 +B(1−X 0 )e −bT 0 coming from the condition for the Polonyilike vacuum, W | 0 = W X | 0 = Be −bT 0 . In this case, one finds that the shift of fields are given by δT /T 0 ∼ 1/b(a − b)
2 and δX/X 0 ∼ 1/b(a − b). Then the expansion of the potential around the reference point is done in terms of 1/(a − b) 2 , where
Therefore it is a good approximation when a − b = O (10) . Note that only if B = e −c S with c ∼ a ∼ b, the difference a − b can be of O(10) for T 0 ∼ S = O(1).
In such a case, the mirage mediation is important for the gaugino masses. For c = 0 we find the anomaly/modulus mediation ratio (10) as
in order to make T 0 sufficiently large. However, in this case the perturbation around the reference point becomes unstable. Thus, generically it is required that δT /T 0 ≤ 1/b 2 and δX/X 0 ≤ 1/b for the convergence.
ISS-racetrack model 3.3.1 Model 4
Next we analyze the ISS-racetrack model (7). Similarly we first omit the constant piece w 0 in the superpotential and start with
Then we find the following results.
where the condition for obtaining the ISS-like vacuum
e. V | 0 = 0, has been adopted. The anomaly-to-modulus mediation ratio (10) is now given by
where we applied ln(M p /m 3/2 ) ≃ bT 0 . Note that ac/b 2 > 1 is required in order to make the reference point of the ISS model stable. For the case with ac/b 2 = 3, we obtain α = 2. For the case with b = c, B = C = O(1), we need a large value of A, e.g., A = e −d S ≫ 1 and the condition that b/a ≃ 1 − 1/ √ 3 ≃ 0.42 to make the reference point stable, and then find α ≃ 1.58.
Model 5
Finally we turn on the constant w 0 in the previous example:
Then we obtain the following results,
where we applied the condition for realizing the ISS-like vacuum, w 0 ≃ (B/ √ 3)e −bT 0 + Ae −aT 0 − Ce −cT 0 . The anomaly/modulus mediation ratio (10) is found as
Note that ln(M P l /m 3/2 ) ≃ ln(B −1 e bT 0 ). We find that α is sensitive to the adjustment of (1), we obtain ln
In the case that A and C are of O (1), a value of a − c must be also of O (1) 
In this case, the magnitude of α can be strongly dependent on a e −d S . For example, when A, C, a − b = O(1) and b = c, one obtains
For the case with b e d S , i.e. d S = O(1), the value of α becomes of O (1) and shifts of fields are given by δT /T 0 ∼ e −2d S /b(a − b)
On the other hand, for the case with b ≪ e d S , i.e. d S = O(10), one can obtain α ∼ e d S ≫ 1 and find that the anomaly mediation is dominant compared with the modulus mediation. In the latter case, note that mass of the modulus can be much heavier than the gravitino mass such as
and the magnitude of w 0 becomes almost Ae −aT 0 − Ce −cT 0 which can be much larger than Be −bT 0 like the model in [36, 19] . In this case, the vacuum of the modulus can be stable during the inflation and then the modulus-induced gravitino problem can be avoided. The Polonyi problem may not occur if we have a low scale inflation like a new inflation. In that case, if one changes the gravitino mass of O(100) TeV to O(1) GeV, one could realize the gauge mediation model, which is studied in [34, 37] . However that is beyond the scope of this paper.
Phenomenological aspects
We have studied several concrete models. Here we comment on their phenomenological aspects like SUSY spectra in the visible sector. In most of models except model 5, the modulus mass m T is quite large compared with the gravitino mass m 3/2 , i.e.
with a ∼ 4π 2 . Model 5 can derive much heavier modulus mass. There are three important sources of SUSY breaking, F X , F T and F C , where SUSY breaking through F C appears as the anomaly meditation. Most of models except model 5 predict similar ratios among F X , F T and F C . Thus, first we concentrate ourselves to models 1-4. These models have F X = O(m 3/2 ) and
The ratio of the anomaly mediation to the modulus mediation is denoted by a value of α defined in Eq. (10) . Models 1-4 lead to α = O (1), that is, the modulus mediation and anomaly mediation are comparable. Now, let us evaluate soft SUSY breaking terms in the visible sector. For such purpose, we have to fix couplings between SUSY breaking sources and the visible sector. We assume that gauge kinetic functions of the visible sector f v are obtained as ≈ 2. In these models, gaugino masses at the TeV scale are given by the (tree level) pure modulus mediation, that is, the TeV scale mirage unification of gaugino masses [8, 11] . If the X field couples to heavy modes, which are charged under the SM gauge group, effects due to F X could appear through loop-effects, that is, the gauge mediation. Its contribution is the same size as the anomaly mediation when mass of the messenger fields is Planck scale. Also, if the X field does not sequestered from visible matter fields in the Kähler metric and the VEV of the X field is comparable with the Planck scale, effects due to F X could appear in the gaugino mass through the Konishi/Kähler anomaly [39] . 13 At any rate, the gaugino masses are of O(m 3/2 /a) ∼ 1 TeV unless a direct coupling appears in the gauge kinetic function. Now, we also consider the couplings between the SM matter fields and X. In our framework, the hidden sector field X directly couples to the modulus T . Thus, it would be natural that X might live in the Calabi-Yau space rather than in the warped throat. Also the SM lives on D-branes which are wrapping on bulk Calabi-Yau. Thus, the contact terms between X and the SM matter fields Q,
would not be suppressed. Then, we would obtain SUSY braking scalar mass and A-terms of O(m 3/2 ) ∼ 100 TeV. In this case, we have a large hierarchy between gaugino masses M a and scalar masses m i as
with a = O(4π 2 ). That would have several phenomenological interesting aspects [38] . If the SM matter fields are sequestered from X by any reason and the above contact terms are suppressed sufficiently, the mirage mediation would also be dominant in scalar masses and A-terms.
The situation in model 5 is different from others. Model 5 has a rich structure in the modulus mass and ratios among F X , F T and F C . A heavier modulus mass could be realized in model 5, and a value of α can vary from values like α = O(1) to large values like α = O(10). In the latter case with α = O(10), the anomaly mediation would be dominant in gaugino masses in the visible sector. Scalar masses would be of O(m 3/2 ) unless the SM matter fields are sequestered from X by any reason.
Finally, we comment on the phases of F-components. The phases are aligned as Arg 
Conclusion and discussion
We have studied modulus stabilization and realization of de Sitter vacua through F-term uplifting by a dynamically generated F-term. Here the uplifting sector X directly couples to the light Kähler modulus T in the superpotential through, e.g., a stringy instanton effects. In the Polonyi-KKLT model, the perturbation from the reference point, where the KKLT-type modulus properties and the SUSY breaking structure are realized, is stable under the existence of such superpotential mixing, though the Kähler mixing can spoil the stability in general. Contrary, in the ISS-KKLT model, the superpotential mixing makes the perturbation unstable, that is, the true minimum is far from the reference point. This instability can be avoided by introducing another nonperturbative effect into the ISS-KKLT superpotential, i.e., by considering the ISS-racetrack model.
In the case that the perturbation from the reference point is stable, the qualitative features of the KKLT scenario are preserved even with such modulus mixing to the uplifting sector. One of the quantitative changes, which are phenomenologically relevant, is a larger hierarchy between the modulus mass m T and the gravitino mass m 3/2 , i.e. m T /m 3/2 ∼ O(a 2 ) . Even with such a large mass, the modulus F-term keeps a moderate value, F T ∼ O(m 3/2 /a) for ln(M P l /m 3/2 ) ∼ a, thanks to the enhancement factor originating from the X-T mixing in the superpotential. Then we typically find a miragemediation pattern of gaugino masses of O(m 3/2 /a). The scalar masses and the A-terms are generically of O(m 3/2 ) because of possible direct couplings with X.
In the ISS-racetrack model we can realize m T ∼ 10 8 GeV and m X ∼ 10 10 GeV. In such case we could avoid the gravitino overproduction problem [10] by these scalar fields when the inflation has a low Hubble parameter H inf ∼ 10 7 GeV. This may be also important for the explanation of the dark matter abundance, and in this scenario the dark matter candidate is likely to be gaugino. Stability of the vacuum during the inflation epoch may suppress the non-thermal production of the gaugino (neutralino 14 ) and the gravitino through the modulus and X decays. With a tuning of B, we can partially obtain a sparticle spectrum of the anomaly-mediation type, and both the modulus T , whose mass can be much heavier than 10 8 GeV, and the SUSY breaking field X may be stable during the low scale inflation such as a new inflation model.
